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Abstract

Txic and essential trace netals were neasured innmscle, bone, liver and kidney of bovine grazing on the
nunicipal vastemater spread ingfiel dofMarrakech City Mrocco  ).Bwines were found to be seriously contaninated
by txic netals, especially cadmium and levels were higher in liver and ki dney, specific target organs for netal
bioaccumlation. The high cadmiun content seared to contribute to a reductionin zinc and copper levels. The
arithretic mean  concentrations of zine, copper and cadmium in liver and ki dney,were respectively: 126, 112 and 5.1

mgyg in liver;89, 33 and 10.3 mgyg in ki dney.
ff 2003 Elsevier Science BV. All rights reserved .

Keywords: Cattle;Trace elawents; Pollution;Mrocco

1. Introduction

General concern  about the mmpact on huran
health of exposure to enviromental pollutionhas
led to increasing attention over the last o dec-
ades to the presence of toxic substances in the
huran  diet.To our knosedge, none of these
investigations has concerned Mbrocco.

Inthe region of Mairrakech City investigated in
this study, livestock feed nainly on wasteater
and vasterater-irrigated lucerne and com leaves.
The benefits of using vastesater as a fertiliser

have been well-docurented. Hosever, a nurber
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of ecotxxicological concerns arise fron such a
practice. The risk to hunans through consunption
of vegetable crops and anmal prod uctsis apparent
(Sedki et al., 19%, 1995b ). Ge of the nore
pressing concerns is that of trace elerents (Lek-
ouch et al., 1999, 2001 ).

Several investigations have studicdhe transfer
of heawy netals fram soil to anmmls either by
d irectcontamination or via the vegetation (Penu-
marthy and Gehne,  1980; Medeiros et al., 1988 ).
Ben  though soil is a biochanical reactor acting
as an active filterfor trace netals (Hogue et al.,
1984 ), these may accumulate in the vegetation
and, conse q uently, create a risk for animals and
hunans.  Previous ecotxxicological studiesn pigs,

- see front matter ff 2003 Elsevier Science BV. All rights reserved.
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sheep and cattle have shomn a directcorrelation
beteen netal concentrations found inanmml feed
and in anmml tissues Medeiros et al., 1988;
Bxter etal., 1982 ).

The main am of the present studywas to
investigate the presence of tracenetals inmuscle,
bone, liverand ki dneyof bovine rearedand slaugh-
tered in the vastenater  spread ing fiel dof Marra-
kech City Mrocco ) fran 1998 to 2000. Trace
claents were neasured and levels campared with
those reported in other countries. Interactions
betieen takic (cadmium ) and essential {zinc and
copper ) trace elarents wvere discussed.

2. Materials and methods

The Mirrakech City vastenater spreadingfield
consists of a triangulararea of 3000 ha of which
2000 ha are irrigatedsmth untreate dvastomater.
This water is pollutedmith heaywy netals such as
cadmun lead and chromium (Sedki and Pihan,
191; Sedkietal.,195b ) originatingmainly fron
industry.Local industriesincludecraft and food
ind ustriesThe latter donot contribute to increased
levels of heaw mnetals, vhereas craft industries
using chemical  products (fungicides, bacteri-
cides.). in the treatment of wool and leather, for
instance, are probably responsible for the high
cadmum and chromium content of vastemter.
Corrosion of the drinkingsater distributiosystan
in the old city is also responsible for the release
of lead (Pihan et al., 1987 ).

Each year of the study(1998, 199 and 2000 ),
10 cattle reared in the spreading fiel dwere ana-
Iysed. Sawples were taken from liver, kidney,
famur muscle and fomur bone. These were oven-
dried(80 8C) to a constant weight and then
povd ered . Accurately weighed ali q uotsf approx-
mately 100 mg of each powdered organ were
digestedmth 2 ml of concentrated nitric acid
(HND ;) at 250 8C for 4 h. The wolure wvas
ad justewd 20 ml with doubledistillonter.

2.1. Analytical method
Trace eclarents were detemined by graphite

furnace atanic  absorption  spectrophotaretry
(GFASS ) using a Perkin Elner Spectrareter Mvd -

el 3000 instrument equippeduth deuteriumarc
background correction. Fach sawple vas analysed
in duplicateControl sarples were providedfran
a non-polluted ruralzone located 20 km fran the
spread ing fiel d Levels vere expressed as micro-
grars per gram

Calibration standar d sere prepared each day
using anenual standardad ditionproced ure.

Allnetal deteminations vere carrie dout in the
Taxicology Laboratory of the University of Nantes
fran France.

2.2. Limit of detection

The lmit of detectioncalculated follosving the

recomend ations of the International Atomic
Fnergy Agency (IAEA, 1995 Ywas 0.06 pgyg for
cadmium

2.3. Data analysis

Datawere analysed statisticallyby the arithetic
rmean, standar d deviation, Pearson linear correla-
tion, Student test, and Nemen  and Keuls test.
The level of significance was set at Jkb.

3. Results

Table 1 shows the results (arithretic nean,
standard deviation and range ) obtained for the
essential and toxic trace netals anmalysed . Table 2
cawpares  these values with previous studieson
bovines in other countries (The Newan and
Keuls test for 34 ).

The zinc levelswere 89 "13.6 mgyg in kidney
and 129 "19 mgyg in bone. The difference
betveen zinc levels in kidney and other organs
was significant. The highest nean copper level
(12 "22.9 mgyg) vas observed in liver. The
differencewith other organs vas significant (P -
0.05). Innmuscle, kidney and bone, nean copper
levels vere 4.4 " 1.1 mgyg, 2.7 "7 mgyg and
2.3 " 0.6 mgyg, respectively.

A high level of cadmium was found in kidney
(10.1 "2.5 mgyg), vhereas nean  liver cadmium
level vas 5.2 "14 mgyg. Statistical analysis
showe d a significant difference(P - 0.05 ) betaeen
cadmium levels in ki dney and other organs.
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Table 1
Man levels of trace elarents in tissuesof cattle (mgyg dryveight )
Kidney Liver Bre Miscle
Cattle Control Cattle Control Cattle Control Cattle Control
Zn M 89 39.8 126 0.7 129 7.7 123 458
SD 13.6 3.6 22 7.1 19.3 54 214 59
(oY 152 9 17.6 1.9 14.9 7.1 17.3 12.8
Mn 6.0 36.2 5.0 26 9.0 0.3 8.0 39.9
Mx 112 43.4 161 &®.9 155 81.1 14 517
Cu M 332 153 112 45 233 16.2 44 12
SD 7 12 29 55 6.3 2.6 1.1 1.0
(oY 21 7.8 204 22 27 16 25 10
Mn 28 14.1 76 39.5 16.9 135 2.6 1.0
Mx 48 16.5 1% 0.5 36.2 18.8 6.0 13
Cd M 10.3 22 5.1 1.7 0.47 0.2 0.6 0.2
SD 2.5 0.8 14 1.1 0.02 0.02 02 0.07
(oY 24.2 38.6 274 4 52 10 33.5 35
Mn 5.7 14 29 0.6 0.45 0.2 0.25 0.15
Mx 13.5 3.1 7.1 2.7 0.5 0.25 1.0 03
M: nean; Mn: mininn;,  S.D. :standar ddeviatiomMx: mmimny, OV coefficient of variation; Control : control cattle.
Table 2
Carparison  of zinc in tissuesof bovine fran Mirocco  and other countries (mgyg dryweight )
Yearsy Miscle Liver Kidngy Refererces
Metal
Zn Cu Cd Zn Cu Cd Zn Cu Cd
1984 25 0.7 0.12 33 17 0.17 17 43 43 Falandysz, 1993
1987 3 1.5 0.06 38 2% 0.12 2 54 0.5 Falandysz, 1993
198 35 0.8 30 3 0.15 23 5.8 0.5 Falandysz, 1993
198 - - - 115 118 0.11 119 17 0.5 Friel, 1987
1981 250 29 0.12 141 113 21.6 131 76 & Bxter et al., 1982
1982 247 39 0.01 113 14 0.8 7 113 5.9 Bxter et al., 1983
2000 13 44 0.1 126 112 5.1 & 3 10 This study
Incarparison to control animals, expermental er than 1 (Table 4). Values were particularlyhigh

bovine had significantly higher levels of netals
(Table 1). The pollution factor (PF), definedas
clarent concentration in expermental anmmls y
clarent level in control aninmls was always great-

Table 3

Heaw netal oontent investesater, soil and plants

for cadmium
Higher coefficients of wvariation (CV ) were
observed for cadmum in all the organs analysed

Table 4
Carparison  of netal concentrations in animal tissues and
plants {(concentration factor-CF ) and in control bovire and

eperinental  bovine (pollution factor-PF )
Wasteater Soil Lucerne Com leaves
e yl) (mgyg) (mgyg) (mgyg) CFyPF Kidney Liver Bxe Miscle
Zn 45"15 40 " 75 250 "4.5 30 "6.6 /n 03y2.2 0.5y2.1 0.5y1.7 0.4y2.6
Cu 04"02 "2 “4 "2 6 "4 Cu 0.8y2.1 2.8y24 0.05y1.4 0.1y3.6
Cd 00 "0.01 55"25 14"1.1 22"13 Cd 33y4.6 0.9y3.0 0.1y23 0.1y3.0




204 A. Sedki et al. / The Science of the Total Environment 317 (2003) 201-205

Table 5
Relationship between concentrations of cadmium and essential
netals in cattle organs

Organs ZnyCd CuyCd
Kidmegy 8.64 32
Kidney' 18.01 6.9
Liver 24.7 219
Liver 35.1 26.5
Miscle 205 73
Muscle 29 6

Bxe 24.4 9.3
Bre ~ 3785 81

* Control bovine.

in both cattle and sheep reflecting the heteroge-
reity of indivi d uallevels of cadmium

Trace eclarent levels were also neasured in
lucerne and corn leaves grom in the area of study
and used in rearing. The results (Table 3) show
the presence of netals in the plants dueto the
accumilation of these elaents in the soil. A
concentration factor (CF), definedas the concen-
tration of netals in animal tissuesythe concentra-
tion in plants, vas calculated to neasure the
transfer of pollutants through the food chain. As
shom in Table 4, concentration factors for cad-
mun in kidney and for copper in liver vere
greater than 1. The wvalues for cadmium were
especially high.

4. Discussion

As 1s the case for mary trace elarents, netal
levels in tissucare largely dependenton the netal
content of dietThe relationship betsen orally
administeredcadmiun and tissuccontent was esti-
mated by Vos et al. (1988 ) as 0.9 based on an
experment  in which pregnant exes and larbs
were feda dictcontaining fram 0.2 to 0.4 mgyg
cadmum This estimte isconsiderably loser than
the $% apparent absorption calculate dby Doyle et
al. (194 ) for larbs receiving a d ietcontaining
0 mg Cdykg Table 5.

The results of this study show
grazing on the municipal wastesater  spreading
fiel d of Marrakech  are concentrating the trace
clarents investigated The copper levels observed
in the liver are similar to those reported by Bxter

that bovines

et al. (1982 ) (113 mgyg) and by Medeiros et al.
(1988 )} (119 mgyg) in cattle reared on serage

sludgeThe mean levels of zinc observed in the
liver are lorer than those reported by Frielet al.,
1987 (161 mgyg) and by Bxter and Kienholz

(1983 ) (212 mgyg) for cattle. Hoever, these
values are greater than those (50 mgyg) reported
by Undemood (1977 )} in liver of cattle living in
spread ing fields.

The cadmium level in kidney tissuesvas sig-
nificantly higher in epermental animls than
controls. The mean lewels observed were loser
than those found by Bxter and Kienholz (1983 )
in cattle (55 mgyg) and sheep (16 mgyg) exposed
to enviromental contamination. Bwter and Kien-
holz (1983 ) reported levels reaching 20 mgyg m
kidneys of bovine exposed to semage sludgeVan-
Der-Veen and Vraran (1986 ) reported cadmium
levels of 12 mgyg in laxbs &posed to contami-
nated feed .These resultsare higher than those (2
mgyg) noted by Frielet al. (1987 ) in cattleki dney
fron anmels feed ingon a non-polluted soil.

The resultsshov cadmium to concentrate pri-
narily in the kidney, Cu in the liver and Zn in the
ki dney, liverand muscle. This une g uald istribution
arongst  the organs is relatedto differencesin the
specific plysiological functions of these elarents
and dependson their relative abundance in intra-
cellularligand sable to bindnetals, such asnetal-
loproteins (Koh and Judson, 1986; Kagi and
Koj mm, 1987 ).

The ZnyCdand CuyCd ratios observed in kid-
ney, liver, bone and neat were higher in control
animals indicating that cadmium represses these
essential netals (Table 5). As could be expected
fraon the role of kidney in alleviating cadmium
accumulation, the ZnyCd ratio in this organ vas
much loser than in liver, bone and muscle. Mbst
authors found that cadmium caused the greatest
degrecof disruptionn copper and zinc hareosta-
sis. A significant positive association between
renal cadmium and zinc residuesand a significant
negative correlation between ki dney cadmium and
copper levels have also been reported (Alonso et
al., 2002 ).

The consunption ofneat, liverand kidney fram
livestock reared in this polluted area certainly
contributes significantly to the average dailnetal
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intake by nen. According to the World Health
Organisation, the veekly cadmium intake by man

shoul d ot exeed 400500 mg WHD, 1980 ) In
Mbrocco, mno regulations have yet been established
for heawy netals inneat or bovine organs but this
issuchas becore mportant inmary countries.

5. Conclusions

The concentrations of cadmium copper and zinc
found inmuscle, liver, ki dneys and bone of live-
stock grazing on the municipal sesage spreading
fiel dof Marrakech are very high. High levels of
cadmium were encountered resulting from bio-
accurulation (CF )1) and bio-aplification
(PF ) 1) processes. The highest levels of netals
were found in liver and ki dney,vhich are knon
specific target organs of netal bioaccumulation.
This studyshored that the high cadmium levels
neasured in the organs of cattleand sheep seared
to disruptromml trace eclavent metabolism
decreasing zinc and copper levels.

As cadmum is knon to be a highly taic
cawpound  to vhich chronic eposure results in
severe discasesor even death, there is an urgent
need to initiatean extensive epidamological study
of people consuming products (vegetables and
neat ) originating fron this area.
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